Objective This study was aimed to investigate the effects of physical activity on perineal outcomes at delivery according to the different levels and types of maternal physical activity before and during pregnancy. Study Design We prospectively evaluated the obstetrical and perineal outcomes of all consecutive women who delivered at the Del Ponte Hospital, in the period between July 2014 and September 2014. Women were divided into three groups according to the features of physical activity performed before pregnancy: group 1: "very sporty women," group 2: "moderately sporty women," and group 3: "inactive women." A subanalysis of our data was performed based on the specific type of sport activity, on the degree of involvement of perineal muscles during physical activity, and on the continuation/discontinuation of this activity during pregnancy. Results A total of 135, 84, and 85 women were included in group 1, group 2, and group 3, respectively. The demographic characteristics were comparable among all the groups. Sport activity during pregnancy was more frequent in groups 1 and 2 (59.3 and 53.6%, respectively, vs. 29.4% in group 3; p ¼ 0.003). No differences among groups were detected in terms of perineal outcomes. A lower rate of episiotomy/lacerations ! 2nd degree was found among women who practiced sports that specifically involved the perineal muscles and who continued this practice during pregnancy. Conclusion Perineal outcomes are not influenced by the intensity of sport activity performed before/during pregnancy. Continuous sports during pregnancy that specifically train the perineal muscles are associated with a lower rate of episiotomy and perineal lacerations ! 2nd degree.
In December 2015, the American College of Obstetricians and Gynecologists, 1 in accordance with the 2008 physical activity guidelines for Americans, 2 has recommended the practice of physical/sport activity during pregnancy 3 to 5 times a week for at least 30 minutes at medium intensity and for 20/60 minutes at high intensity. These recommendations are the result of a comprehensive analysis of all the studies designed to clarify the role of physical activity in pregnant women. The potential impact of physical activity on pregnancy always raised many concerns and debates, due to the unjustified fear for miscarriage, poor fetal growth, possible injuries, and risk of premature delivery.
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Opposing these misleading but still popular beliefs in the absence of absolute contraindications, scientific evidence has shown that physical activity provides clear benefits over sedentary habits in terms of both fetal and maternal status.
In particular, physical exercise allows a better prevention and control of gestational diabetes in obese women, preeclampsia, preterm birth, varicose veins, and deep vein thrombosis. 4, 5 Moreover, other possible advantages include control of weight gain, reduction of lower back pain complaints, decreased cesarean and operative vaginal deliveries, shorter postpartum recovery time, and positive effects on maternal psychological well-being. 6 Sport in pregnancy was also found to have no detrimental effects in terms of fetal-neonatal outcomes; a reduction in the average neonatal weight at birth has been described, but no increased risk of fetal growth restriction was observed. 7 Consequently, aerobic physical activity is encouraged by all the most important clinical guidelines dealing with pregnancy, although it is widely recognized that further research is necessary to define the impact of exercise on all the possible aspects of pregnancy.
One of the less studied aspects of this issue is represented by the possible impact of the intensity and type of physical activity on the perineal outcomes at the time of vaginal delivery, defined as the incidence of episiotomy and the rate and severity of perineal lacerations. The perineum is a complex musculofascial structure having a key role in the mechanism of delivery.
8 Its relaxation is crucial at the time of fetal head expulsion and a higher tone of its muscles may have (at least theoretically) the potential to impair this process with possible negative effects in terms of risk of severe perineal lacerations. It is plausible to hypothesize that intense and prolonged exercise with specific solicitations on its structures may produce a thicker and stiffer perineum among sporty women. Since the literature is devoid of evidence on this topic, it may be of utmost importance to investigate this issue, due to the well-known association between severe lacerations and threatening long-term side effects, such as urinary-fecal incontinence and dyspareunia.
In light of the previous considerations, the aim of the present prospective study has been to investigate the possible relationship between the type and intensity of physical activity performed before and during pregnancy, with the risk of vaginal lacerations at delivery.
Materials and Methods
This prospective study was conducted in the period between July 1, 2014 and September 15, 2014 at the Obstetrics and Gynecology Department of Del Ponte Hospital at Varese in Italy. All consecutive women who delivered at our Institution were considered eligible. Patients who were received cesarean section (whether elective or urgent) and those with multiple pregnancies were excluded from the analysis. Patients with a history of previous cesarean section were excluded, unless they had a successful trial of labor after the cesarean section (they were classified as nulliparous or multiparous on the base of any previous vaginal birth). No additional exclusion criteria were adopted.
Physical activity before and during pregnancy was investigated by the administration of a dedicated survey. Due to the absence of validated questionnaires in this field, we decided to create a specific form, with the aim to comprehensively investigate all the possible parameters associated with the outcomes of interest. The translated version of the questionnaire is reported in the ►Appendix.
Patients were asked to report in detail the amount and the type of sport activity they regularly performed in the 3 years before the initiation of pregnancy. On the basis of the answers to the questionnaire, patients were divided into three groups, according to the intensity of physical and sports activity performed before the beginning of pregnancy: group 1 "very sporty women" (i.e., patients who practiced sport activity at agonistic level and/or those practicing physical activity for ! 3 hours per week); group 2 "moderately sporty women" (i.e., patients performing physical activity for ! 2 hours but < 3 hours per week); group 3 "inactive patients" (including both patients performing very low sport activity 2 hours per week and those who did not practice any sport or physical activity except for the normal activities of daily living).
We then analyzed the number of women in each group who continued their activities during pregnancy and how many women changed activity or dismissed it. We also considered how many women took the opportunity of being pregnant to start physical activity in Group 3.
Patients were also asked about the type of information (if any) they received regarding sport and physical activity during pregnancy and about who provided this kind of information.
The primary outcome of the study was the occurrence of perineal lacerations or the performance of episiotomy at delivery. Perineal tears were defined according to the classification provided by Sultan.
9 Briefly, the classification is as follows: 1st degree lacerations, in which only vaginal epithelium and/or perineal skin are involved; 2nd degree, if perineal muscles are involved; 3rd degree A, if less than 50% of external anal sphincter is involved; 3rd degree B, if more than 50% external anal sphincter is involved; 3rd degree C, if the laceration extends to the internal anal sphincter; and 4th degree, involving disruption of external and internal anal sphincter and rectal mucosa.
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At our Department the indications to episiotomy at the time of delivery have been strictly standardized, after the end of a previous study showing a wide interoperator variability in the performance of this type of procedure. 10 Since 2014 the rate of episiotomy has remained stable around 15% of all deliveries (19% in nulliparae) and we quarterly perform audits to confirm that indications to its performance are followed by the attending providers.
As a further analysis, we selected only nulliparous women and subdivided them into two groups according to the degree of stress determined by physical activity on the perineum (sports that highly stimulate and train the pelvic floor muscles vs. sports that do not stimulate specifically the same anatomical region). The sports classified as stimulating the pelvic floor muscles were: dance, artistic gymnastics, rhythmic gymnastics, athletics, figure skating, tennis, volleyball, basketball, soccer, baseball, running, horseback riding, and snowboarding. All other sports were included among the "nonstimulating" ones. We then finally divided these women in other two subgroups, women who continued that activity also during pregnancy and women who dismissed it before the beginning of pregnancy, to investigate the impact of these conditions on perineal outcomes at delivery.
Statistical Analysis
The statistical analysis was performed with Graphpad Prism 5.0 for Windows (GraphPad software, San Diego, CA) and SPSS version 21.0 for Windows (SPSS). The D'Agostino Person's test was used to evaluate if the continuous variables had a Gaussian distribution. In case of variables with normal distribution a Student's t-test was used. The U-test of MannWhitney was instead utilized to compare continuous variables in case of non-Gaussian distribution. The proportions were compared with the Fisher's exact test. A p-value < 0.05 was considered to be statistically significant. Considering that the perineal outcomes were the primary endpoint of the present study, we considered the possible predictive factors for intact perineum, and we verified their association with this outcome at univariate analysis. The variables with at least a borderline association (p < 0.10) with intact perineum were then included in a multiple logistic regression model to verify which of them was independently associated with the outcome of interest.
Results
During the study period, 304 patients met inclusion criteria. Among them, 135 women were included in group 1 (very sporty women), 84 in group 2 (medium sporty women), and 85 in group 3 (inactive women). The percentage of nulliparous women was similar among groups (57.8 vs. 67.9 vs. 57.6% in groups 1, 2, and 3, respectively; p ¼ 0.27). The demographic characteristics of the population are reported in ►Table 1.
Patients in group 3 were significantly younger, compared with the other two groups. No other differences were observed in the patients' demographic characteristics.
Answers to the questionnaire are reported in ►Table 2.
The percentage of women who were physically active during pregnancy was higher in groups 1 and 2 (59.3 and 53.6%, respectively), compared with group 3 (29.4%; p ¼ 0.003). The mean time dedicated to sport activity during pregnancy was higher in group 1 and progressively decreased in the other two groups. Walking was the most commonly reported activity. Women in group 1 were more likely to practice more than one sport activity per week (►Fig. 1).
Advice regarding the practice of physical activity during pregnancy (►Table 2) was provided to less than 50% of women in all groups (48.8, 47.6, and 37.6% in groups 1, 3, and 3, respectively).
Among the different reasons for reducing or stopping completely physical activity in pregnancy, the answer "personal reasons" (which included worries regarding maternal and fetal complications) was the most represented in all groups (►Fig. 2).
The outcomes of labor and delivery are reported in ►Table 3.
The rate of induction of labor was higher in group 2 compared with group 1 (41.6 vs. 28.8%, p ¼ 0.04). The other characteristics of labor and delivery were similar across all groups (►Table 3).
After stratification on parity, we found no difference in terms of duration of first and second stage of labor, estimated blood loss at delivery, as well as in the rate of epidural analgesia among the three groups (►Table 3). Also neonatal outcomes were similar irrespectively of the level of physical activity before pregnancy (►Table 4).
Perineal outcomes at delivery are presented in ►Table 5. A tendency toward a higher incidence of intact perineum was registered in group 1 compared with group 2 (p ¼ 0.05). No significant differences were observed when comparing group 1 versus group 3 and group 2 versus group 3. Specifically, the rate of episiotomy was similar among the groups, while there was a tendency toward a higher rate of perineal Physical Activity on Perineal Outcomes at Delivery Uccella et al. S85
lacerations ! 2nd degree in group 2, compared with group 1 (p ¼ 0.08). We then analyzed data regarding only nulliparous women, according to the practice or not of sports which specifically solicit the pelvic floor muscles and on the basis of the discontinuation or continuation of this kind of activity during pregnancy. Data about these comparisons are provided in ►Table 6.
No differences were observed between women who practiced sport activities soliciting the perineum versus those who did not practice this type of activity, if no distinction was made on the basis of continuation versus discontinuation during pregnancy. Conversely, we found a higher incidence of intact perineum among nulliparous women who continued practicing this kind of sports when compared with Physical Activity on Perineal Outcomes at Delivery Uccella et al. S86 Physical Activity on Perineal Outcomes at Delivery Uccella et al. S87
all the other women (p ¼ 0.03), whereas epidural analgesia and induction of labor were associated with a tendency toward higher incidence of perineal lacerations or episiotomy. At multivariable analysis (►Table 7), only the continuation of sports soliciting the perineum during pregnancy retained a significant association with perineal outcome at delivery and it was found to be an independent predictor of intact perineum (odds ratio 
Discussion
Our original hypothesis that a tonic and trained perineum (with potentially thicker muscles) may predispose to a higher risk of perineal damage at the time of delivery was disproved by the results of the present study. In fact, we found no association between an intense practice of sport activity before pregnancy and the risk of perineal laceration or episiotomy. On the contrary, the continuation during pregnancy of sports that specifically solicit the perineal muscles was independently associated with a higher incidence of intact perineum. To explain our findings, we may speculate that physical exercise stressing the pelvic floor muscles may increase the elasticity of this anatomical region with better outcomes at the time of fetal head discharge.
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Perineal damage at delivery may be the cause of possible detrimental short-and long-term consequences to the mother, 12,13 as well as the source of an increasing number of medical-legal litigations. Therefore, any additional knowledge about possible preventive strategies may be welcomed and regarded as having the potential of improving in some way the overall postpartum maternal well-being. We emphasize that our results are applicable only to settings in which the rate of episiotomy is quite low (around 25%), 10 while they may not be generalizable to clinical contexts in which episiotomy is performed on a routine basis. The present study represents a further demonstration that physical exercise and practice of sports activity during gestation is not harmful (even when the perineum is specifically solicited), and should be actively promoted. Yet, it is discouraging to observe how information regarding physical activity is uncommonly delivered to pregnant women; in our study, less than 50% of the patients declared that they had received specific counseling on this issue. It is difficult to establish whether this paucity of information is mainly due to absence of specific knowledge in the health care providers regarding the potential benefits, nonevidence based traditional belief that sport may be dangerous during pregnancy, or scarce interest by the patients about this issue. It should also be considered that diversities may be present regarding the perception of the possible consequences of physical activity during gestation across different geographical regions and different cultures. In any case, in line with the vast body of literature demonstrating the advantages of physical exercise during gestation, our study underlines once again that a stronger effort should be made to sustain a specific campaign of information about the beneficial consequences of sports activity in pregnant women.
The main merit of the present analysis is represented by the fact that previous research on sport and physical exercise during pregnancy was mainly focused on fetal and neonatal consequences or on the impact in terms of maternal comorbidities 5,14 but not on perineal outcomes at delivery. Other strengths include the prospective design, the inclusion of a considerable number of women (which allowed several meaningful subanalyses), and the detailed and consistent collection of data.
Limitations
Among the possible limitations of our study, we must mention that we were forced to use a nonvalidated questionnaire, due to the fact that we were not able to find any validated form in the literature specifically developed for the purposes of our analysis. Moreover, we had to rely only on self-reported data that could potentially under-or overestimate the real level of physical activity and the amount of pelvic floor solicitation. However, it should be recalled that self-reported assessment is the most commonly used tool for this type of studies and it has been found to be reliable in this and other settings. 15, 16 Finally, the arbitrary definition of our study groups (i.e., "very sporty," "moderately sporty," and "inactive" women) may be regarded as a further possible limitation of our analysis, particularly in the subdivision between "very sporty" and "moderately sporty" women. Nonetheless, also combining groups 1 and 2 together, or groups 2 and 3 together, we did not find any significant correlation of the intensity of sport activity with the outcome of interest (i.e., the rate of perineal tears/episiotomy at delivery), thus once again reinforcing our finding that the level of sport activity before pregnancy does not have detrimental effect on the perineal elasticity at the time of childbearing.
Conclusion
In conclusion, our study shows that perineal outcomes at delivery are not influenced by the degree of physical exercise before pregnancy. We found a significant increase in the rate of intact perineum among women who continue to practice sport activity soliciting the perineum during pregnancy. Regarding possible future research perspectives, it would be extremely interesting to investigate the possible consequences of the continuation during gestation of sports activities soliciting the perineum on the long-term risk of pelvic floor dysfunction. The goal should be to evaluate the possible (if any) effects of this practice on the rate of urinary and fecal incontinence and on sexual disorders several months after delivery. 
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